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Nonsteroidal anti-inflammatory drugs (NSAIDs) have been widely used for the treatment of arthritic conditions. Drugs in
this heterogeneous class alleviate pain and inflammation by inhibiting cyclooxygenase-2 (COX-2). Cyclooxygenase-1 (COX-1)
inhibition has traditionally been associated with increased gastrointestinal (GI) harm, whereas increased COX-2 selectivity has
more recently become associated with greater risk of cardiovascular (CV) harm. When the entirety of data is considered, NSAIDs
can be seen to exhibit a range of COX isoform selectivity, with all oral NSAIDs appearing to be associated with an increase
in CV events. This review focuses on a comparison of the efficacy and the GI and CV safety profiles of three commonly used
NSAIDs—celecoxib, etoricoxib, and diclofenac—using direct comparisons where available. While all three treatments are shown
to have comparable efficacy, there are differences in their safety profiles. Both celecoxib and etoricoxib are associated with less GI
harm than diclofenac despite the similarity of its COX-2 selectivity to celecoxib. Each of the three medicines under consideration
is associated with a similar overall risk of CV events (fatal and nonfatal heart attacks and strokes). However, there are consistent
differences in effects on blood pressure (BP), reported both from trials using ambulatory techniques and from meta-analyses of
randomized trials, reporting investigator determined effects,with etoricoxib being associatedwith a greater propensity to destabilize
BP control than either diclofenac or celecoxib.

1. Introduction

Nonsteroidal anti-inflammatory drugs (NSAIDs) have been
widely prescribed for decades to reduce pain and inflamma-
tion in patients with chronic arthritic conditions. NSAIDs
provide symptomatic relief by inhibiting cyclooxygenase
(COX) enzymes, with a subsequent reduction in the
prostaglandin mediators of pain. Beneficial effects were
believed to be predominantly mediated through inhibi-
tion of the largely inducible form of the enzyme, known
as cyclooxygenase-2 (COX-2), whereas housekeeping func-
tions, such as gastric homeostasis, were believed to be largely
mediated through cyclooxygenase-1 (COX-1) [1, 2].

While all NSAIDs must inhibit COX-2 to have any effect
on pain/inflammatory processes, NSAIDs are a chemically
diverse group of medicines with significant heterogeneity
in chemical structure and properties [3, 4]. They show
substantial variation in selectivity for COX-2 over COX-1,

with this variable being best considered as continuous rather
than simply dichotomous, where medicines are presented as
either COX-2 selective or nonselective [5].

Medicines with proprietary names ending in “coxib”,
such as celecoxib or etoricoxib, are traditionally thought of
as the most selective in their effect on the COX-2 enzymes
and were developed to reduce gastrointestinal (GI) toxicity
associated with the use of traditional NSAIDs, but they have
been characterized by some as having less favorable cardio-
vascular (CV) profiles than agents that are nonselective [5].
The term coxib, however, has no pharmacological meaning,
and different in vitro assay systems, measuring selectivity
ratios for COX-1 and COX-2 enzymes, can producemarkedly
different results [6, 7]. Most typically, celecoxib is seen to
possess a similar COX-2 selectivity ratio to diclofenac (IC50
ratios of 30 and 29, respectively, is commonly cited) [7, 8] with
etoricoxib typically producing a ratio an order of magnitude
higher in vitro [9]. In contrast, in vivo findings display
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marked differences in an effect on COX-1, when comparing
therapeutic concentrations of celecoxib and diclofenac, sug-
gesting that simple investigation of in vitro assays may be of
limited use [10].

Results of a large meta-analysis of randomized controlled
trials have shown that diclofenac was associated with a risk of
CV harm comparable to coxibs when considered as a broad
class [11]. As a consequence, prescribing guidance generated
by the European Medicines Agency [12] and guidelines from
the European Society of Cardiology [5] has been updated
to include the same contraindications (in patients with
established CV disease, peripheral arterial disease, and/or
cerebrovascular disease) for prescription-strength diclofenac
(150mg/day) as those included for the agents that have always
been considered COX-2 selective inhibitors. In addition, as of
January 2015, oral diclofenac is no longer available as an over-
the-counter medicine in the UK [13].

This review compares the available head-to-head and
placebo-controlled data on the efficacy and the GI and
CV safety of celecoxib, etoricoxib, and diclofenac, with the
aspiration of highlighting the similarities and differences
between agents.

2. Celecoxib, Etoricoxib, and Diclofenac Have
Comparable Efficacy in Patients With
Arthritic Conditions

Evidence considering the efficacy of the three medicines
demonstrates that they are essentially similar in terms of the
level of pain relief that they provide for patients with chronic
arthritic conditions. The evidence is particularly compelling
for osteoarthritis (OA). Table 1 summarizes three 12-week
studies, in which etoricoxib (30 mg once daily [OD]) was
shown to be noninferior to celecoxib (200mgOD), with both
etoricoxib and celecoxib being significantly more effective
than placebo (p < 0.001 for both) as assessed by commonly
used pain scales [14, 15].

Similarly, 6-week trials have shown comparable levels of
efficacy when diclofenac (50 mg three times daily [TID])
was compared with celecoxib (100 mg twice daily [BID]) or
etoricoxib (60 mg OD or 30–90 mg OD) for the treatment
of OA of the knee [16, 17]. Etoricoxib (30–90 mg OD) was
also comparable to diclofenac over a longer, 14-week time
frame in patients with OA of the knee [18]. In contrast, a 12-
week study in patients with severe OA of the hip awaiting hip
surgery failed to demonstrate noninferiority of celecoxib (200
mg OD) to diclofenac (50 mg TID), with greater pain relief
observed in the diclofenac arm of this severe pain model [19].

In other main arthritic conditions, specifically rheuma-
toid arthritis (RA) and ankylosing spondylitis (AS), there
are no direct head-to-head trials comparing celecoxib and
etoricoxib. In patients with adult-onset RA, the efficacy of
celecoxib (200 mg BID) was shown to be similar to that
of diclofenac (75 mg BID) in a 24-week study [20]. In a
number of noninferiority 12-week studies in patients with AS,
celecoxib (200mgOD or 200mg BID) had similar efficacy to
diclofenac (75 mg OD or BID, or 50 mg TID) [21–23]. The
efficacy of etoricoxib (90–120 mg OD) has been well studied

in RA [24] and AS [25], with naproxen (1000 mg/day) being
the comparator of choice.

Thehead-to-head studies described above largely demon-
strate the comparable efficacy of celecoxib, etoricoxib, and
diclofenac in alleviating pain and improving function in
patients with OA, RA, and AS.

In addition to its anti-inflammatory and analgesic prop-
erties, celecoxib, but not diclofenac, was shown to have
potentially disease-modifying properties in patients with AS
[26–28].This putative property does not appear to have been
studied for etoricoxib at the time of writing. Suggestions
of disease-modifying properties have also been tentatively
put forward for celecoxib in OA, perhaps relating to COX-
independent pathways that effect many processes including
chondrocyte apoptosis [29]. Similar pathways are believed
to play an important role in cancer models, where again a
role for celecoxib in COX-independent apoptotic pathways
is commonly reported [30], with more recent research sug-
gesting that there is at least one gene that modulates the
effects of NSAIDs in a prostaglandin independent manner
[31]. While many of these findings have yet to translate into
clinical benefits directly, the efficacy and safety of the three
agents described should not be considered solely on the basis
of their effects on the two COX isoforms.

3. Comparison of Safety Profiles of Celecoxib,
Etoricoxib, and Diclofenac

While meta-analyses and randomized controlled trials have
evaluated the safety of different NSAIDs using direct and
indirect methods [11], few randomized controlled trials have
directly compared safety outcomes between celecoxib and
etoricoxib. Each, however, has been directly compared with
diclofenac. The following section considers upper GI safety
(gastropathy), before moving on to the less well studied topic
of lower GI safety (enteropathy).

3.1. Upper Gastrointestinal Safety (Gastropathy). NSAID-
induced decreases inmucosal levels of prostaglandins (driven
by inhibition of COX-1) correlate with both gastric and small-
bowel damage [32]. Proposed mechanisms of damage to the
stomach involve prostaglandin-mediated increase in gastric
acid secretion, decrease in mucus and bicarbonate secretion,
decrease in cell proliferation, and decrease in mucosal blood
flow [33]. In addition, topical effects of the NSAIDs on the
mucosal lining, that are not dependent on COX inhibition,
are believed to play a significant role, including the ability
of NSAIDs to uncouple oxidative phosphorylation with a
resultant decrease in ATP production and cellular integrity
[32].

The largest independent meta-analysis of individual
patient-level data [11] could at first appraisal be taken to
suggest that there are no differences between diclofenac and
coxibs, both being associated with a similar elevation in
the risk of ulcer complications (perforations, obstructions,
and bleeds) when compared with placebo (rate ratio [95%
CI], coxibs 1.81 [1.17–2.81]; diclofenac 1.89 [1.16–3.09]). How-
ever, a more detailed evaluation of individual medicines
and symptomatic upper GI events (symptomatic ulcers plus
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perforations, obstructions, and bleeds) demonstrated that
both of the currently available coxibs, considered at any dose,
were associated with a significant reduction in the risk of
harm when compared with any dose of diclofenac (rate ratio
[95% CI], celecoxib versus diclofenac 0.54 [0.37–0.79], p =
0.0006; etoricoxib versus diclofenac 0.70 [0.57–0.85], p =
0.0002) [11].

Several of the larger individual clinical trials consid-
ered in the Bhala meta-analysis [11] have explored the GI
safety profile of celecoxib or etoricoxib in comparison with
diclofenac. An initial trial of celecoxib (CLASS) [34] only
considered upper GI endpoints with supratherapeutic doses
(800 mg/day) of celecoxib compared to pooled data for the
comparator NSAIDs (diclofenac [75 mg BID] and ibuprofen
[800 mg TID]). It demonstrated a significant difference in
uncomplicated upper GI events, but not in complicated
events [34]; however, no individual analysis was presented
comparing celecoxib and diclofenac.

A large trial program comparing etoricoxib and
diclofenac (MEDAL) enrolled patients with OA and RA
across three trials: EDGE (OA, mean 9 months), EDGE II
(RA, mean 19 months), and the MEDAL study (OA and
RA, mean 20 months and up to 42.3 months) (Table 2)
[35–38]. In the MEDAL program, no difference was
observed between etoricoxib and diclofenac in complicated
events (complicated bleeding, perforation, or obstruction),
but there were significantly fewer uncomplicated events
(uncomplicated bleeding or ulcer) with etoricoxib when
compared with diclofenac (Table 3) [39]. This large trial
program, primarily designed to assess the relative CV safety
of the two medicines, can be considered highly pragmatic
as it permitted open-label proton pump inhibitor (PPI) use
(∼39% of patients) and low-dose aspirin use (< 100 mg in
∼35% of patients) (Table 2) [39]. A GI benefit of etoricoxib
was observed in both of these subgroups for the endpoint
of uncomplicated events; however, a subgroup analysis of
patients with and without PPI use showed no difference
in complicated upper GI events between etoricoxib and
diclofenac [39].

Similar benefits for either etoricoxib or celecoxib in
relation toGI tolerability are largely seen in other trials [35] or
pooled analyses of trials [40, 41], demonstrating a statistically
significant reduction in harmassociatedwith the use of COX-
2 selective agents when compared to diclofenac, as illustrated
in Table 3.

3.2. Lower Gastrointestinal Safety (Enteropathy). In the small
bowel the role of prostaglandin production appears to be
less important to the pathogenic effects of NSAIDs [32].
The mechanisms postulated are more complex and include
a range of effects that are believed to locally irritate cells of
the epithelial lining, resulting in an increase in permeability
of these cells.The effect onmitochondrial function, described
in the gastropathy section, is likely to play a role, along with
important contributions toNSAIDs enteropathy fromenteric
bacteria, bile, and the degree of enterohepatic recycling
(EHR) that a particular NSAID undergoes [32, 42].

The potential of different NSAIDs to cause enteropathy
has been less well evaluated than NSAID-related gastropathy.

The complexity of GI endpoints evaluated in clinical trials
of NSAIDs has evolved slightly over time (see Table 2), with
more recently conducted studies evaluating the GI safety
of NSAIDs below the duodenum by measuring bleeding of
defined or presumed occult GI origin (the latter including
small-bowel blood loss) [43], as well as documenting the
increasingly rare cases of ulcer complications from both the
upper and lower GI tract (Table 2) [43].

TheCONDOR trial, building ondata froma single-center
study of similar design [44], demonstrated a significantly
lower incidence of clinically significant GI events with cele-
coxib 200 mg BID compared with diclofenac (75 mg slow
release BID) in conjunctionwith 20mgODof omeprazole for
gastroprotection (Table 3) [43]. The majority of the observed
difference was driven by blinded adjudicated hemoglobin
drops of ≥ 2 g/dL of either presumed small-bowel blood loss
(10 events for celecoxib versus 53 for diclofenac + PPI) or
hemoglobin drops with a defined lesion in the upper GI tract
(five events for celecoxib versus 20 for diclofenac + PPI) [43].

The subtle differences in lower GI harm observed in
the CONDOR trial [43] were not observed in the MEDAL
program,where therewas nodifference in the rate of lowerGI
events between etoricoxib and diclofenac (Table 3) [35, 45].
The prohibition of aspirin use in the CONDOR trial may
explain at least part of this apparent difference (∼35% used
low-dose aspirin in the MEDAL program) [35, 45], along
with the more rigorous assessment of endpoints and higher
frequency of data capture of endpoints in the CONDOR trial
[43]. In the latter trial, hemoglobin was assessed at each study
visit at months 1, 2, 3, and 6 [43], while in the MEDAL
program patients were assessed every 4 months [45].

Mechanistic differences between the drugs, beyondCOX-
2 selectivity, could also account for subtle differences in
their GI safety profiles. In an aged rat model of NSAID-
induced lower GI injury, celecoxib, a nonacidic compound,
was associated with less intestinal damage than the acidic
compounds etoricoxib and diclofenac, with the authors sug-
gesting that aciditywas a key determinant of the level of injury
observed [46]. Molecular acidity has also been proposed as a
determinant of enteropathy by other authors [32, 47, 48].

3.3. Cardiovascular Safety. The COX-2 selective inhibition
that is responsible for a reduction in GI harm was also
linked to early theoretical concerns regarding CV safety [49,
50]. In a placebo-controlled polyp prevention trial, rofecoxib
was associated with increased CV risk of thromboembolic
outcomes (APPROVe) [51] and was subsequently withdrawn
from the market by the manufacturer. Data from celecoxib
trials in the same investigational setting was not consistent
(APC and PreSAP trials) with that seen with rofecoxib [52,
53]. None of these trials were designed or powered to assess
CV outcomes [52, 53], and no similar data exists considering
diclofenac in a placebo-controlled polyp prevention setting.

The paucity of well-powered clinical trials prospectively
addressing the question of NSAID CV safety has encouraged
various authors to conduct meta-analyses of randomized
controlled trials [11, 54] and observational data [55] to try
to address this question (Table 4). The largest meta-analysis
of 754 randomized trials (353,809 patients) suggested that
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the CV risk of coxibs was similar to that of diclofenac (150
mg/day) [11]. Neither celecoxib nor etoricoxib differed sig-
nificantly from diclofenac in major vascular events (Table 4)
[11]. In another meta-analysis of 31 randomized trials (116,429
patients) assessing CV risk (Antiplatelet Trialists’ Collabo-
ration composite outcome) versus placebo, both celecoxib
and etoricoxib were also comparable to diclofenac and other
NSAIDs [54]—a result supported by the largestmeta-analysis
of observational data (Table 4) [55, 56]. Inmost of thesemeta-
analyses, a mixture of direct and indirect comparisons was
used to draw the conclusions, as there are no direct data
comparing the CV safety of celecoxib and etoricoxib.

When looking at direct comparisons between our three
chosen agents, the data are far more limited but tell a largely
consistent story. The MEDAL program, introduced in the
prior section on GI safety, was primarily designed as a non-
inferiority trial to address the relative CV safety of etoricoxib
compared with diclofenac through the accumulation of over
640 CV thrombotic endpoints [35]. During the conduct of
the MEDAL program, the dose of etoricoxib was reduced
from90mg/day to 60mg/day in accordancewith a downward
change to the recommended dose for patients with RA [57,
58]. The rate of thrombotic CV events was comparable in
patients treated with etoricoxib or diclofenac in the MEDAL
program (hazard ratio [95% CI], 0.95 [0.81–1.11]) (Table 4)
[35]. The only direct comparison considering more than a
dozen endpoints from trial data published for celecoxib (800
mg/day) and diclofenac (150 mg/day) is taken from a post
hoc analysis and demonstrated a similar incidence of CV
thrombotic events for celecoxib and diclofenac based on the
80 endpoints captured (Table 4) [59].

More recently, a further large long-term trial [60] inves-
tigating the CV safety of celecoxib, compared with the
traditional NSAIDs ibuprofen and naproxen in patients with
elevated baseline CV risk prospectively demonstrated that
celecoxib (mean daily dose 209 mg) was noninferior to
ibuprofen (mean daily dose 2045 mg) and naproxen (mean
daily dose 852 mg) comparators in terms of the incidence of
fatal and nonfatal heart attacks and strokes.

3.3.1. Effect on Blood Pressure. The effects of NSAIDs on
blood pressure (BP) have been shown to be more variable.
The inhibition of prostaglandin synthesis by all NSAIDs
can lead to impairment of renal function and a resulting
increase in BP [61]. This is of particular importance for the
elderly, who are more likely to have multiple comorbidities
including concomitant hypertension and arthritis. Even a
small reduction (2 mmHg decrease) in systolic BP (SBP)
at a patient population level has been equated to clinically
relevant reductions in CV risk (7% and 10% reduction in
risk of mortality from ischemic heart disease and stroke,
respectively) [62].

In comparison with BP measurements taken during the
clinic visit, 24-hour ambulatory BP has recently been shown
to be a better predictor of CV events [63] and may therefore
be a more reliable measure for the assessment of CV safety.

There are relatively few studies of NSAIDs that use
ambulatory BP measurements. One study in healthy older

volunteers (aged 60–85 years) demonstrated that both etori-
coxib (90 mg OD) and celecoxib (200 mg BID) on day 14
of treatment were associated with a significantly increased
SBP compared with placebo (p ≤ 0.05), but the increase
with etoricoxib (7.7 mmHg) was over three times greater
than with celecoxib (2.4 mmHg) (p < 0.03) [61]. Two further
ambulatory BP monitoring studies in patients with arthritis
and concomitant CV risk factors or CV disease did not
demonstrate mean changes with either celecoxib 200 mg OD
over 6 weeks [64] or a standard dose of celecoxib 100 mg BID
(with a mean daily dose of 208 mg) over 4 months [65]. The
comparators in these studies were either associated with a
similar neutral effect on mean SBP (naproxen 500 mg BID)
[64] or a significant elevation in mean SBP of around 3.5
mmHg (rofecoxib 25 mg OD and ibuprofen 2031 mg mean
daily dose) [64, 65]. The ambulatory BP effects of diclofenac
have been investigated in relatively small populations (< 30
patients) [66, 67], and the data should therefore be treated
cautiously. A consistent increase in mean SBP was seen in
one crossover study of black and Hispanic patients when
diclofenac (75 mg BID; 4.1 mmHg increase) was compared
with celecoxib (200 mg OD; 0.6 mmHg increase) [66]. In
a second, small crossover study of patients (aged 55–73
years) with diagnosed hypertension, a significant BP-raising
effect was seen with only 75 mg/day of diclofenac, and
intriguingly this effect was partially reversed by the use of the
prostaglandin E2 analog, misoprostol, over the course of the
3-week study [67].

Meta-analyses, largely focused on investigator-reported
changes in BP of the agents classified as coxibs, support
the idea of some heterogeneity between agents. A meta-
analysis of 114 trials comparing COX-2 selective inhibitors
(rofecoxib, celecoxib, valdecoxib, parecoxib, etoricoxib, and
lumiracoxib), conducted before June 2006, revealed sig-
nificant heterogeneity in renal events (renal dysfunction,
hypertension, and peripheral edema) between medicines in
the class (p = 0.02), which was driven by rofecoxib [68]. The
risks of both renal dysfunction and hypertension were lower
with celecoxib compared with all controls [68]. The dataset
considering etoricoxib was relatively small and only included
one of the three trials in the MEDAL program. A later meta-
analysis of 51 trials, considering all three component parts
of the MEDAL program, confirmed the heterogeneity of
the effect of different COX-2 selective inhibitors (celecoxib,
rofecoxib, etoricoxib, valdecoxib, and lumiracoxib) onBP and
hypertension [69], with etoricoxib (risk ratio [95% Cl], 1.52
[1.39–1.66], p < 0.01), but not celecoxib (0.89 [0.77–1.01], p =
0.22), being associated with increased risk of SBP elevation
[69].

Looking specifically at the data from the MEDAL pro-
gram, etoricoxib was associated with a higher overall inci-
dence of hypertension-related AEs and discontinuations due
to hypertension than diclofenac (Table 5) [35–37]. Addi-
tionally, in the MEDAL study alone, the mean (SD) change
from baseline in SBP with etoricoxib (60 mg OA cohort)
was also higher than with diclofenac (75 mg BID) (3.4
[0.19] and 1.6 [0.19], respectively) [70].These differences have
contributed to the additional product labeling for etoricoxib
in some countries, to preclude the use of the medicine in
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Table 5: Renal safety of celecoxib and etoricoxib compared with diclofenac in patients with OA and RA in randomized controlled trials.

Reference Study duration Celecoxib Diclofenac Etoricoxib
Hypertension
Hypertensiona,b, n (%) White et al, 2002 [59] Minimum 6 months 109 (2.7) 52 (2.6)
Discontinued due to any hypertension-related AEs, % Whelton et al, 2006 [79] Minimum 6 months 0.3 0.2
Incidence of hypertension-related AEs, n (%) Krueger et al, 2008 [37] Mean ∼19 months 313 (15.2)∗ 397 (19.5)
Discontinued due to any hypertension-related AEs, n (%) Baraf et al, 2007 [36] Mean ∼9 months 23 (0.7)∗ 81 (2.3)
Edema
Edema-related AEs, % Whelton et al, 2006 [79] Minimum 6 months 4.1 4.1
Incidence of edema-related AEs, n (%) Krueger et al, 2008 [37] Mean ∼19 months 94 (4.6)∗ 132 (6.5)
Renal
Discontinuations due to renal dysfunctionc, % Cannon et al, 2006 [57] Mean ∼18 months 0.8 0.8
aNew-onset and aggravated pre-existing.
bFor ibuprofen (800 mg TID) 4.2%, p < 0.05 versus celecoxib.
cOA cohort etoricoxib 60 mg.
∗p ≤ 0.05.
OA, osteoarthritis; RA, rheumatoid arthritis; AEs, adverse events.

hypertensive patients with persistently elevated BP above
140/90 mmHg and in whom adequate control has not been
achieved [71]. No such contraindication is present in the
prescribing information for celecoxib or diclofenac [72, 73].
The incidence of edema-related AEs was also significantly
higher with etoricoxib than with diclofenac (Table 5) [36,
37].The direct comparison between celecoxib and diclofenac
is less robust, being based on a post hoc analysis of the
CLASS trial—but there is no suggestion of a difference
between medicines in the incidence of de novo hypertension,
discontinuation due to hypertension, or edema (Table 5).

The reasons for differences in BP effects remain uncer-
tain; however, a number of studies, both in vitro and in
vivo, suggest that all three medicines considered here have
the potential for both negative and in some cases positive
effects on arterial function [50, 74–78]. The vast majority
of these studies have focused on celecoxib and etoricoxib.
Celecoxib was found to reduce oxidative stress and chronic
inflammation and was also identified as a brachial artery
vasodilator [74, 78], while etoricoxib appeared to have a
neutral or negative effect on endothelial function in vivo [77].
At least some of these differences are believed to be due to the
different physicochemical properties of the medicines (i.e.,
they are COX-independent), with their differing effects on
plasma membrane phospholipids proposed to be important
[77].

4. Conclusions

Data from various sources, including randomized controlled
trials and meta-analyses, suggests that celecoxib, etoricoxib,
and diclofenac are largely similar in their efficacy and CV
safety, but celecoxib and etoricoxib are associated with
less GI toxicity than diclofenac. Evidence for “hard” CV
outcomes (heart attacks and strokes) does not allow for
distinction between the three medicines; however, there
may be molecule-specific properties that could explain why
etoricoxib appears to be consistently associated with a more
marked detrimental effect on BP.
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